In this study we compared interphase fluorescence in situ tance to rely on accurate tools for molecular analysis. The
ably do harbour detectable amounts of bcr-abl mRNA. Analysis with RT-PCR is therefore possible, however, repeated analysis of the cDNA is required to avoid false negativity. Our Introduction results indicate that I-FISH offers a reliable alternative to RT-PCR for the molecular analysis of individual colonies. Chronic myeloid leukemia originates from a pluripotent hematopoietic stem cell and is tightly associated with a cytogenetic hallmark known as the Philadelphia chromosome Materials and methods (Ph) . This genetic abnormality is the result of a reciprocal translocation event between chromosome 9 and 22. 1 The
Patients and cell processing breakpoints are situated in intron sequences of the bcr and the abl proto-oncogenes. The resulting hybrid bcr-abl gene plays a central role in leukemogenesis. 2, 3 In view of the ongoBone marrow was obtained from four Ph-positive patients in ing efforts to develop purging modalities in order to obtain chronic phase, unique patient numbers (UPN) 851, 869, 899 leukemia-free stem cell autotransplants it is of vital imporand 996 (the clinical characteristics are listed in Table 1 ) and from one healthy volunteer. The samples from UPN 964 and 1006, both Ph-positive CML patients in chronic phase, were obtained via leukaphereses after induction chemotherapy and
Correspondence: SFT Thijsen Received 18 March 1996; accepted 4 November 1996 granulocyte colony-stimulating factor administration (G-CSF, by a 1:1000 dilution of Texas red-conjugated donkey antisheep (Jacksons Immunoresearch, West Grove, PA, USA). Detection reagents were diluted in 4 × SSC/0.5% blocking reagent. Washing steps were performed with 4 × SSC/0.05% Filgrastim; Amgen, Breda, The Netherlands). All samples were obtained after informed consent Tween 20 (Sigma). After dehydration slides were embedded using 7 l vectashield (Vector) containing 0.1 g/ml DAPI Mononuclear cells were isolated from the samples by Ficoll-Paque (Pharmacia, Uppsala, Sweden) density gradient (Sigma) under a 18 × 18 mm coverslip. Samples were scored with an Axioskop 50 (Carl Zeiss Jena, Jena, Germany) using a centrifugation (␦ = 1.077 g/cm 3 ). Remaining red cells were lysed with ammonium-chloride. CD34-positive cells were isotriple band pass filter (Omega Optical, Brattleboro, VT, USA). Nuceli were scored positive for the bcr-abl gene when a green lated using the MiniMacs system (Miltenyi Biotec, Bergisch Gladbach, Germany) according to the manufacturer's instrucand a red spot were less than one spot diameter apart. A colony was scored when at least 10 nuclei could be evaluated. tions. Purity, after two consecutive passages over two separation columns, was always more than 90% as determined More than 90% of the evaluable nuclei of a single colony should generate the same result (±) otherwise a colony would with FACS analysis. not be scored. On average about 100 nuclei per colony were evaluable.
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CD34-positive cells were cultured in semisolid medium in the RT-PCR presence of 5% human placenta-conditioned medium (HPCM). 10 Cultures were incubated at 37°C in 5% CO 2 . The Cells derived from a single colony were dissolved in GTC buffer (4 m guanidinium thiocyanate, 25 mm sodium citrate, cells were plated at four different concentrations to optimize colony density for harvesting. Colonies were counted at day pH 7.0, 0.5% sarcosyl and 0.1 m ␤-mercaptoethanol) and stored at −80°C until use. Total RNA was isolated using the 14 and plucked at random from the culture with a vacuum capillary system. The average colony size was about 500 cells.
acid guanidinium-phenol-chloroform (AGPC) method.
13
Twenty micrograms glycogen (Boehringer Mannheim) was used as carrier during precipitations. The oligo-nucleotides (Applied Biosystems, Gouda, The Netherlands) were designed
Interphase-FISH with slight variations of an existing primer scheme 14 (see Figure 1 ). Cells derived from a single colony were put on a glass slide, left to dry, fixed in 70% ethanol and stored at −30°C until use.
A:(5′-GTTGCTTGGGACCCAGCCTTGGC-3′), 1:(5′-TGTG-ATTATAGCCTAAGACCCGGAG-3′), 2:(5′-GAAGAAGTGTTAfter thawing the slides were dipped in a 0.1% gelatine (Sigma, St Louis, MO, USA) solution 11 and after drying incu-TCAGAAGCTTCTCCC-3′), 3:(5′-TTCAGCGGCCAGTAGCA-TCTGACTT-3′), 5:(5′-GTGAAACTCCAGACTGTCCACAGCA-3′), bated with 0.1 mg/ml RNAse A (Boehringer Mannheim, Mannheim, Germany) in two times standard saline citrate 6:(5′-AAGCCGCTCGTTGGAACTCCAAGGA-3′), 9:(5′-GGGG TCATTTTCACTGGGTCCAGCGAGAAGGT-3′). RNA was dis-(2 × SSC) at 37°C for 1 h, followed by a 10 min incubation with 0.01% pepsin (Sigma) in 10 mm HCl at 37°C. Postfixation solved in 10 l annealing buffer (250 mm KCl, 1 mm EDTA, 10 mm Tris-HCl, pH 8.3, and 200 ng of primer A). The mixture of the cells was performed with 1% paraformaldehyde in phosphate-buffered saline (PBS) containing 50 mm MgCl 2 . The was boiled for 1 min and subsequently incubated at 65°C for 20 min. slides were dehydrated in ethanol and left to dry. DNA was denatured at 72°C for 150 s in 70% formamide (Baker, DevenFor first strand DNA synthesis a modification of an existing protocol 15 was used: 18 l of cDNA mixture consisting of ter, The Netherlands) in 2 × SSC. The formamide used was deionised with mixed bed resin (Sigma) and stored at −20°C 12 (a kind gift from Dr G Grosveld and Dr A Hagemeijer, Erasmus University, RotterBiotechnology, Cambridge, UK), and 200 units M-MLV reverse transcriptase (HT Biotechnology), was added to the dam, The Netherlands) were labeled by nick-translation with digoxigenin-11-dUTP (Boehringer Mannheim) and biotin-14-RNA sample and incubated at 42°C for 1 h. cDNA solution (6.5 l) was mixed with 21.5 l PCR solution consisting of dATP (Gibco, Grand Island, NY, USA), respectively. The probes were mixed with a 100-fold excess of Hu-cot-1 DNA 100 mm Tris-HCl, pH 8.8, 30 mm (NH 4 ) 2 SO 4 , 50 ng primer A and 100 ng primer 2 in case of the bcr-abl PCR or 50 ng (Gibco) in 50% formamide, 2 × SSC and 10% dextran-sulphate (Sigma). This solution was denatured at 74°C for 4 min, primer A and 100 ng primer 3 in case of the abl PCR, and one unit Taq-polymerase (Amplitaq; Perkin Elmer Cetus, Norcooled on ice and incubated at 37°C for 2 h. Fifteen nano- walk, CT, USA). The PCR was overlayered with 50 l biowax (FMC Bioproducts, Rockland, ME, USA); and performed in a Hybaid thermocycler (Hybaid Limited, Middlesex, UK). The mixture was exposed to the following cycling scheme: 4 min at 94°C, followed by 30 cycles: 30 s at 94°C, 1 min at 65°C and 2 min at 72°C, and at the end followed by a 10 min incubation at 72°C. One microliter of the PCR was used in a nested PCR. In case of the bcr-abl detection 100 ng of primers 1 and 5, and for the abl detection 100 ng of primers 1 and 6 were used. The PCRs were performed using the above mentioned conditions running 30 and 20 cycles, respectively. The PCR products were size fractionated on a 2% agarose gel and transferred to a nylon membrane (GeneScreenplus; DuPont, Boston, MA, USA). The specificity of the amplimers was determined after hybridization with 32 P-labelled internal oligonucleotide 9 followed by autoradiography.
The abl gene is ubiquitously expressed and the abl RT-PCR serves as a control for quality of the RNA isolation, cDNA synthesis and PCR. All primer pairs were positioned across intron exon borders so that amplification of genomic sequences could be distinguished by size. Strict measurements were taken to avoid contaminations. To check this, all experi- of the bcr-abl and abl RT-PCRs. The amount of cDNA is enough to perform one abl RT-PCR and three bcr-abl RTPCRs. Three-fold bcr-abl RT-PCR was performed in some but RT-PCR-negative colonies. In total, 15 out of 107 I-FISHpositive colonies (14%) were negative with RT-PCR. To evalucases to check for false negative or false positive results.
ate if these colonies represent a sub-population of leukemic cells that harbor the bcr-abl fusion gene but do not produce the bcr-abl mRNA, or merely indicates a detection failure, the Results generated cDNA of three of those colonies were reanalyzed twice. Two colonies showed only positivity in the third PCR CD34 + cells from six CML patients (Table 1) were assayed for colony growth. One half of a colony was prepared for I-FISH and one colony showed only a positive second PCR, indicating that the I-FISH-positive colonies did harbor detectable the other half for RT-PCR. In total, 133 colonies were analyzed both with I-FISH and RT-PCR. In Figure 2 a serial amounts of bcr-abl mRNA. The 14% I-FISH-positive but RT-PCR-negative samples could thus represent a random event dilution of K562 cDNA shows that the sensitivities of the abl and bcr-abl RT-PCRs were comparable in each experiment caused by sampling variations. In view of these results, one would expect in each round of amplification a similar percentand routinely the equivalent of one cell could be detected. In Figure 3 an example of a colony assayed with I-FISH is shown.
age of RT-PCR-negative results to be found in the I-FISH-positive colonies. To evaluate this 19 of the colonies derived from In summary of the results obtained (Table 2) shows that in 118 out of the 133 cases (89%) I-FISH and RT-PCR generated one sample (UPN 1006) were analyzed with I-FISH and three times with RT-PCR for the presence of the bcr-abl mRNA (see the same results, ie either bcr-abl positive or negative. Note that the samples derived from UPN 964 and 1006, harvested Table 3 ). One colony (colony 4, Table 3 ) was negative with I-FISH but has been excluded from analysis since no control by leukaphereses after induction chemotherapy and G-CSF treatment, generated a mixture of bcr-abl-positive and -negaabl RT-PCR product could be generated. Eleven colonies were positive with I-FISH, but only in six cases was the bcr-abl RTtive colonies. The other samples obtained from the chronic phase CML patients via bone marrow aspiration, generated PCR positive in each round of amplification. In the other five cases the bcr-abl RT-PCR was negative in one of the three only bcr-abl-positive colonies. As expected, eight colonies derived from bone marrow samples obtained from two healrounds of amplification. In each round of amplification one to three of those colonies were negative for the bcr-abl RTthy volunteers were all negative, both with I-FISH and RT-PCR. Moreover, 19 colonies derived from leukapheris samples PCR. All I-FISH-positive colonies showed positive RT-PCRs. Eight colonies were negative with I-FISH. Three-fold analysis obtained from four patients with testis carcinoma were also negative both with I-FISH and RT-PCR. Five out of the six of the cDNA with RT-PCR on those I-FISH-negative colonies showed RT-PCR negativity for the bcr-abl mRNA, except for patient samples generated between 7 and 25% I-FISH-positive 304 Table 2 Comparison of I-FISH and RT-PCR on individual colonies RT-PCRs is negative.
FISH/RT-PCR
colony 3 which showed a positive bcr-abl RT-PCR in the An established method to assess purging modalities is the mol- high quality metaphase spreads to be able to evaluate a colony 8, 16 and the use of RT-PCR assumes that the bcr-abl gene is showed that up to 60% of the Ph-positive colonies did not harbor detectable amounts of bcr-abl mRNA. However, these
